Transparent exopolymer particles (TEP) are recognized to play an important role in the flux of exported carbon to the deep ocean. However, there is little information on how TEP standing stocks are affected by different hydrographic conditions and other relevant ecological factors in situ. This lack of knowledge is particularly serious for the Southern Ocean. During Austral summer 1999, the Strait of Bransfield presented high mesoscale variability. Two fronts were present, the Bransfield hydrographic front and a slope front along the South Shetland Islands and several mesoscale anticyclonic eddies and/or frontal meanders. The spatial distributions of biological properties were largely affected by this complex hydrography. Chlorophyll a (Chl a) (0.05-4.81 g L -1 ), TEP (from undetectable to 346 g GXeq L -1 ) and heterotrophic bacteria (HB) (1.7-9.4 Â 10 5 cells mL -1 ) were positively correlated despite the wide hydrographic heterogeneity of the Bransfield Strait. Higher abundances of autotrophic biomass, and correspondly higher TEP and heterotrophic bacteria (HB), were found in the more stratified waters. TEP spatial distribution was mostly related to the abundance of autotrophic biomass although local high TEP concentrations were not matched by similarly high values of Chl a in some areas where diatoms were relatively abundant.
Transparent exopolymer particles (TEP) are recognized to play an important role in the flux of exported carbon to the deep ocean. However, there is little information on how TEP standing stocks are affected by different hydrographic conditions and other relevant ecological factors in situ. This lack of knowledge is particularly serious for the Southern Ocean. During Austral summer 1999, the Strait of Bransfield presented high mesoscale variability. Two fronts were present, the Bransfield hydrographic front and a slope front along the South Shetland Islands and several mesoscale anticyclonic eddies and/or frontal meanders. The spatial distributions of biological properties were largely affected by this complex hydrography. Chlorophyll a (Chl a) (0.05-4.81 g L -1 ), TEP (from undetectable to 346 g GXeq L -1 ) and heterotrophic bacteria (HB) (1.7-9.4 Â 10 5 cells mL -1 ) were positively correlated despite the wide hydrographic heterogeneity of the Bransfield Strait. Higher abundances of autotrophic biomass, and correspondly higher TEP and heterotrophic bacteria (HB), were found in the more stratified waters. TEP spatial distribution was mostly related to the abundance of autotrophic biomass although local high TEP concentrations were not matched by similarly high values of Chl a in some areas where diatoms were relatively abundant.
I N T R O D U C T I O N
Transparent exopolymer particles (TEP) are formed mainly by coagulation of dissolved organic compounds (Passow, 2000) . These compounds are mainly polysaccharides produced and released as dissolved organic carbon (DOC) by phytoplankton (Alldredge et al., 1993; . Although heterotrophic bacteria (HB) are known to produce exopolymers, their contribution to TEP abundance in the ocean is unknown.
TEP are considered to play an important role in the vertical carbon flux to the deep ocean. TEP, due to their high stickiness, might increase the aggregation rate of particles and therefore their mean size and the sedimentation rate of particulated organic carbon (POC) to the deep ocean . TEP and derived aggregates like 'marine snow' are colonized by attached bacteria, which find a microenvironment rich in substrates in the otherwise poor water column. These aggregates, including the microbial community inhabiting them, can be a direct source of carbon for higher trophic levels like microzooplancton or euphausiids (Grossart et al., 1998; Passow and Alldredge, 1999; Ling and Alldredge, 2003) . However, there are contrasting results regarding the capacity of copepods of using TEP as carbon source (Prieto et al., 2001; Ling and Alldredge, 2003) .
The importance of TEP, both in carbon exported from the mixed layer and as a potential pathway of reintroduction of DOC into marine trophic web, is generally recognised. However, our knowledge on the occurrence and abundance of TEP in different aquatic systems is poor (Passow, 2002a) . Very little is known about what ecological factors in the marine ecosystem control, either TEP seasonal variability or TEP spatial distribution. In particular, there is lack of knowledge about how TEP standing stocks relates with the hydrographic and hydrodynamic structure of the ocean. Given the acknowledged role of TEP in the sedimentation of carbon from the photic layer, we need more field studies to extend our data base about how different hydrographic conditions like degree of mixing and the presence of different frontal systems might affect TEP abundances in nature. In Antarctic waters, there is even less information available on TEP abundances, their spatial distribution and on what ecological factors might be involved in their regulation (Passow et al., 1995; Hong et al., 1997; Passow, 2002a) .
In this study we present for the first time the spatial distribution of the concentration of TEP, both vertically and horizontally in the hydrographically heterogeneous region of the Bransfield Strait, Antarctica. The variability in the observed pattern in TEP concentration was related to different hydrographic conditions, changes in standing stocks of chlorophyll a (Chl a), taxonomic changes in the phytoplankton community as inferred from differences in silicate utilization, nitrate concentration and abundance of HB.
M E T H O D Study site and sampling
The Bransfield Strait, Antarctica, is a complex hydrographic area. It is generally accepted that Transitional Zonal Water with Bellingshausen Sea influence (TBW) is localized in the northern part of the strait and that Transitional Zonal Water with Weddell Sea influence (TWW) is localized in the southern part (García et al., 2002a) . TBW, which flows into the Bransfield basin from the Bellingshausen Basin, is a relatively warm and lowsalinity water mass, while TWW is a cooler and saltier eastward inflow from the Weddell Sea. The contact between both water masses creates the Bransfield Front in the southeast-northwest direction (García et al., 1994; García et al., 2002a; Gomis et al., 2002) . In addition to the hydrographic front, a slope front develops in the northern part of the Bransfield Strait, also in a southwest-northeast direction along the slope of the South Shetland Islands.
Seawater samples were collected during the oceanographic cruise CIEMAR carried out from 13 December 1999 to 3 January 2000 on board of B.I.O. Hesperides. CIEMAR survey was performed in the Passage of Drake, Strait of Bransfield and Strait of Gerlache. Here, we will present mainly the results from the Bransfield Strait (Fig. 1 ). Samples were obtained from 5, 10, 25, 50, 75 , 100 m and the fluorescence maximum depth by mean of a rosette system of 24 oceanographic Niskin bottles of 12 L, operated through a General Oceanic MKIIIC CTD that also provided continuous vertical hydrographic information in real time (temperature, salinity and fluorescence).
Concentration of TEP
TEP concentration was measured according to the dyebinding assay (Passow and Alldredge, 1995a) . Seawater subsamples of 50 mL were filtered on 0.4 mm polycarbonate filters (Poretic) under low constant pressure (<100 mm Hg). Immediately after filtration, 500 mL of freshly made alcian blue solution (0.03 g alcian blue dissolved in 150 mL of 0.06% acetic acid, prefiltered through 0.22 mm) was added to the particulate fraction retained on the polycarbonate filter and allowed to react for 2 s. The excess of dye was immediately washed out by successive filtration of two aliquots of 1 mL distilled water filtered through 0.22 mm. At that stage, filters were kept frozen (-20 C) until further processing in the laboratory 1 month later. Alcian blue was released from the particulate fraction by soaking each filter in 3 mL of 80% sulfuric acid for 2 h at continuous agitation at room temperature. Finally the concentration of alcian blue was determined by spectrophotometry at 787 nm. To account for the binding capacity of the polycarbonate filter several blanks were processed as described above. All samples were analysed in triplicate. TEP values are expressed as xanthan gum weight equivalent calculated by means of a calibration curve according to Passow and Alldredge (Passow and Alldredge, 1995a) . Although the carbon content of TEP is species dependent, TEP abundance can be roughly expressed in C units using the conversion factor mg C TEP L -1 = 0.70 mg GXeq L -1 (Engel and Passow, 2001; Passow, 2002a) .
Abundance of heterotrophic bacteria
Fresh bacterioplankton samples from each depth were stained with SYTO-13 and analysed on board immediately after collection by flow cytometry following del Giorgio et al. (del Giorgio et al., 1996) . Briefly, 2.5 mL of a solution of SYTO-13 (Molecular Probes) dissolved in dimethyl sulfoxide was added to 500 mL of seawater to obtain a final concentration of 2.5 mM of SYTO-13. After vigorous shaking the samples were incubated for 10 min at room temperature in the dark. After this time, 10 mL of a yellowgreen autofluorescent microspheres solution (FluoSpheres carboxylated-modified microspheres, 1.0 mm) of known concentration was added to each stained sample. After shaking, the samples were immediately analysed by a FACScalibur flow cytometer (Becton Dickinson). These beads served as an internal standard for instrument performance and, since they were added in known concentration, allowed the calculation of the volume of sample processed and therefore the abundance of bacteria per unit of volume. MilliQ water was used as sheath fluid. The flow rate of sample through the flow chamber was set at low rate (12 AE 3 mL min -1
) and calibrated several times during the cruise. This flow rate and the mean concentration of bacteria found in this study determined a conveniently low particle passage rate generally lower than 300 events s 
Chlorophyll
Chl a was determined fluorimetrically following the method of Yentsch and Menzel (Yentsch and Menzel, 1963) as modified by Holm-Hansen et al. (Holm-Hansen et al., 1965) . Samples (1 L) were filtered through Whatman GF/F filters and extracted overnight in 5 mL 90% acetone at 4 C in dark. Fluorescence was measured before and after acidification with a fluorometer (Turner Designs 10) calibrated with pure Chl a (Sigma) following UNESCO (UNESCO, 1994) recommendations.
Inorganic nutrients
Samples for inorganic nutrients (nitrate, nitrite, phosphate and silicate) were stored frozen (-20 C) until analysis by means of a Traacs 800 Bran Luebbe auto analyser following standard protocols (Grasshoff et al., 1983) .
R E S U L T S Hydrography and distribution of Chl a
During the CIEMAR cruise in 1999, surface waters of most part of the Bransfield Strait had temperatures and salinities typical of TBW, at least in the upper 100 m of the water column (Fig. 2) . The Hydrographic Bransfield Front was only clearly detected in the East transect between stations T11 and T13, and it was not detected in the West and Central transects in surface. TBW waters were stratified while TWW waters, located south of the front, were vertically more homogeneous with essentially the same temperature and salinity in the upper 250 m. The Bransfield slope front was located between station T4 and T6 in the East transect and B2 and B3 in the West transect, close to the South Shetland slope (Fig. 2) . The Central transect revealed the presence of three successive warm and relatively fresh structures between stations R10 and R8, x8 and x5 and x3 and T10 (Fig. 2) . These structures could correspond with warm-core anticyclonic eddies and/or frontal meanders related to the hydrographic front. The concentration of Chl a ranged from 0.05 to 4.81 mg L -1 (0.98 AE 0.82) in the Strait of Bransfield. The vertical distribution of Chl a differed considerably among different areas (Fig. 3) . The homogeneity in the physical properties of the TWW water mass was reflected in the uniformity of the vertical distribution of Chl a at the southern side of the Eastern transect (Fig. 3) . In comparison, TBW waters showed a higher degree of thermohaline stratification. Chl a accumulated mainly in the upper 20-30 m of the water column, with a chlorophyll maximum at about 10 m (Figs 2 and 3). Chl a concentration tended to decrease along the Central transect in the northeast direction, although a second maximum was found around station X6 (Fig. 3) . Although in general in situ fluorescence matched the distribution of Chl a, its higher spatial resolution revealed a third maximum further to the East (Fig. 2) .
TEP
TEP concentration ranged from undetectable to 345.9 mgGXeq L -1 for the whole area of study with a mean value of 56.77 AE 54.50 mg GXeq L -1 . TEP concentration generally decreased with depth, except that occasional maxima were found at the chlorophyll maximum or close to it. The horizontal distribution of TEP was highly heterogeneous in Bransfield Strait (Fig. 4) .
This horizontal heterogeneity was mainly associated with the presence of two more conspicuous hydrographic singularities of Bransfield Strait, the hydrographic and the slope fronts (García et al., 1994) . In the East and West Bransfield transects, TEP were more abundant in the northern side of the slope front, close to Livingston Island (Fig. 4) . In this area TEP concentration, like Chl a, accumulated in the upper layer as a consequence of a higher degree of thermohaline stratification (Figs 2, 3 and 4). The hydrographic front was clearly visible in the Eastern transect between stations T11 and T13 (Fig. 2) . Its position was particularly well marked by a maximum in TEP concentration on the upper layer in the northern side at station T11 (Fig. 4) . TEP vertical distribution was relatively uniform in the TWW water as previously described for Chl a; however, the relatively high values of Chl a (Fig. 3) were not matched by correspondingly high TEP concentrations in this area (Fig. 4) .
The distribution pattern of TEP along the Central transect differed from that of Chl a (Fig. 4) . Contrary to Chl a, TEP concentration in the southwest side was relatively low. A large abundance of TEP was detected in stations R19 and X6 with maximum concentrations at 10 and 25 m, respectively. Although as mentioned in the previous section Chl a presented a maximum at station X6, it was of less importance in relative terms. JOURNAL OF PLANKTON RESEARCH j VOLUME 27 j NUMBER 7 j PAGES 635-646 j 2005
Inorganic nutrients
Nitrate concentration ranged between 20.8 and 34.6 mM in the upper 100 m of water column (Table I ). In general, nitrate spatial distribution was almost the mirror image of Chl a distribution (Fig. 5) . Phosphate (2.17 AE 0.024 mM) also mirrored the spatial distribution of autotrophic biomass although less precisely than nitrate (results not shown). Nitrate and phosphate concentrations were linearly and significantly correlated (r = 0.665, P < 0.001 n= 108). The general spatial distribution of silicate (74.04 AE 32.44 mM) and nitrite (0.22 AE 0.006 mM) at the three transects were not related neither to Chl a standing stocks nor TEP spatial distribution (results not shown). However, low silicate levels East   T4  T7  T10  T11  T13  A1   B1  B2B  3  BI4  B4B  5  B6B  7 4.5 4.2 3.9 3.6 3. ) for East, West and Central transects. TEP abundance can be transformed to C units using the conversion factor mg C TEP L -1 = 0.70 mg GXeq L -1 (Engel and Passow, 2001; Passow, 2002a) .
were occasionally associated with high TEP concentration at some stations, like for instance B1 and X6 (Fig. 4) .
Heterotrophic bacteria
The abundance of HB ranged from 1.7 to 9.41 Â 10 5 cells mL -1 . Bacterial abundance generally decreased with depth although a subsurface maximum was frequent at 25 m. The horizontal distribution was largely heterogeneous resembling that of Chl a, although there were important differences as well. The Bransfield hydrographic front in the East transect separated the TBW water mass, containing relatively large abundances of HB, Chl a and TEP at the surface, from the TWW zone. This water mass had very low abundances of HB, similar Chl a concentrations and lower TEP concentrations (Fig. 6) . The correspondence of HB abundance with standing stocks of Chl a and TEP concentration in the West transect was only partial. The peak in HB abundance on the north side was matched by high concentrations of TEP but not by correspondingly high Chl a concentrations. However, the opposite was observed in the southern HB maximum, it was paralleled by relatively high standing stocks of Chl a, but TEP concentration was very low (Fig. 6 ). In the Central transect, the abundance of HB presented two maxima (Fig. 6 ). Both were displaced to the East respect to the Chl a maxima and were coincident with anticyclonic eddies or meanders of warm and fresher water (Figs 2 and 3 ).
D I S C U S S I O N Autotrophic biomass and hydrography
The Bransfield Strait like the Southern Ocean is a High Nutrient Low Chlorophyll (HNLC) area, is characterized by the coincidence in the photic layer of high concentrations of macronutrients and relatively low Standard deviation (SD), coefficient of variation (CV, %), minimum and maximum values (Range) and number of samples (n) are also provided. Transparent exopolymer particles (TEP) abundance can be roughly expressed in C units using the conversion factor mg C TEP L -1 = 0.70 mgGXeq L -1 (Engel and Passow, 2001; Passow, 2002a) . ) for East, West and Central transects.
JOURNAL OF PLANKTON RESEARCH j VOLUME 27 j NUMBER 7 j PAGES 635-646 j 2005 standing stocks of Chl a. The concentration of Chl a was similar to those reported previously in the same area Basterretxea and Arís-tegui, 1999; Varela et al., 2002) . In general, our results have also shown that the high levels of autotrophic biomass in Bransfield were always associated with relatively warm and low-salinity water masses. Meltwater stabilization of the water column, together with a higher temperature, could contribute to the development of phytoplankton blooms in Bransfield Strait . Clearly, the vertical and the horizontal distributions of autotrophic biomass were largely affected by the major hydrographic features of the Strait, the slope and the Bransfield hydrographic fronts (García et al., 1994) . The presence of mesoscale anticicyclonic eddies and/or frontal meanders in the central axis of the Strait was an additional source of horizontal heterogeneity for seston.
The presence of the slope front seems to create a relatively narrow band of waters, rich in autotrophic biomass, between the coasts of the South Shetland Islands and the front (Fig. 3) . This high autotrophic biomass could be associated with the advection of rich waters form Bellighasusen Sea and Gerlache Strait (Basterretxea and Arístegui, 1999) and also with the existence of a shallower mixed layer than the critical depth in the stratified side of the front (Sverdrup, 1953; Mann and Lazier, 1991) . During December 1999, the hydrographic front was only clearly detected in the East transect, where it separated two well-differentiated water masses in terms of temperature and salinity (Fig. 2) , biological properties (Figs 3, 4 and 6) and inorganic nutrients (Fig. 5) . North of the front, as a result of a higher degree of vertical stratification, autotrophic biomass accumulated in the upper layer that got progressively thinner as the hydrographic front was approached from the north because the warm and less saline TBW slipped over the denser TWW (Fig. 3) . In contrast, in the south side of the front, TWW did not show any vertical stratification in the whole water column. Correspondingly, autotrophic biomass was uniformly distributed in the upper 100 m.
The Bransfield hydrographic front was neither detected in surface in the West, nor in the Central transect. According to the temperature and salinity measurements, TWW water did not reach southwest of Bransfield. This might be due to the entrance of a water mass from the Gerlache Strait, which is also warmer and less saline. We found high abundances of autotrophic biomass associated with warm and less saline water in the southern extreme of West transect, between Tower and Astrolabe Islands, and coincident with a stratified water column around station B6. The role of the Gerlache Strait as a source of high-Chl a waters for the Bransfield Strait have been previously recognized (Lipski, 1985; Basterretxea and Arístegui, 1999) . In fact, the decreasing west-east gradient frequently observed in the chlorophyll abundance in the Bransfield Strait (Fig. 3) has been interpreted as an indication that an important part of this biomass could have originated in adjacent areas like the Gerlache Strait and the Bellingshausen Sea and had been transported along the Bransfield Strait in a west-east direction (Holm-Hansen and Karl et al., 1991; Basterretxea and Arístegui, 1999) .
TEP and autotrophic biomass
The available information on TEP concentration and dynamic in Antarctic waters is very scarce (Table II , see also a recent review by Passow, 2002a) . Previous available information dealt with production of TEP by Phaeocystis antarctica (Hong et al., 1997) and temporal variability of TEP concentration in surface (2-6 m) coastal waters off Bonaparte Point, Anvers Island (Passow et al., 1995) . TEP concentration in the Strait of Bransfield was highly variable (Table I , Fig. 4) . Similar ranges and degree of variability were also observed in Drake Passage and Straits of Gerlache (Table II) . Mean TEP concentrations in Drake Passage and in the Straits of Bransfield and Gerlache were lower than those reported for coastal waters off Anvers Island and one order of magnitude lower than those reported during a bloom of P. antarctica in the Ross Sea (Hong et al., 1997) . The capacity of different Phaeocystis species to produce and release large amount of carbohydrate that might be precursors for TEP formation is well known (Guillard and Hellebust, 1971; Eberlein et al., 1985; Passow and Wassmann, 1994; Hong et al., 1997) . During the cruise CIEMAR in 1999 we did not detect blooms of Phaeocystis in Bransfield Strait, nor in adjoining areas like Southern Drake Passage or Gerlache Strait, despite the acknowledged importance of this species for the ocean carbon flux in the Antarctic (Smith et al., 1991; Smith et al., 1996) . The TEP concentrations in the Strait of Bransfield were sometime undetectable or frequently in the low ranges of those reported for different location around the world (Passow, 2002a) , even if they are compared with oligotrophic areas in lower latitudes such as the North East Atlantic (Engel and Passow, 2001) or the relatively oligotrophic Gulf of Cádiz in South Iberian Peninsula (García et al., 2002b) and one order of magnitude lower than those of more eutrophic environments like Otsuchi Bay in Japan, where part of TEP production was due to exudates released by the macroalga Undaria pinnatifida (Ramaiah et al., 2001) .
TEP vertical and horizontal distributions in the Bransfield Strait paralleled the Chl a distribution in general. The abundance of TEP was higher in the photic layer than below, and TEP tended to be more abundant in areas where Chl a was also more abundant. This has been the commonly observed pattern in the TEP spatial distribution in the relatively few available field studies (Passow and Alldredge, 1995a,b; Hong et al., 1997; García et al., 2002b; Passow, 2002a) . However, no direct correlation was found in some cases, for example in the Adriatic Sea (Shuster and Herndl, 1995) , and in coastal ]. For comparison of TEP : Chl a ratios between different studies, when mean TEP and/or Chl a values were not provided in the cited reference () they were calculated by us, assuming a normal distribution for both variables, as the mean value of the range {minimum + [(maximum -minimum)/2]}.
Antarctic waters dominated by cryptomonads (Passow et al., 1995) . Although the horizontal distribution of TEP in the Strait of Bransfield followed the general distribution of primary producers, there were exceptions. TEP and autotrophic biomass showed opposite trends at both sides of the slope front. North to the front, both autotrophic biomass and TEP decreased in the southwestnortheast direction. In contrast, an inverse pattern was observed in the Central transect. Chl a concentration tended to decrease along the transect in the southwestnortheast direction in accordance with previous studies in the area Karl et al., 1991; Basterretxea and Arístegui, 1999) , but TEP concentration increased along the transect (Fig. 4) . The simplest interpretation is an increase in TEP abundances as phytoplankton blooms, transported in the southwestnortheast direction by the Bransfield Current, enter the senescence stage along the Central transect. TEP abundances are usually higher in the senenscent phase of phytoplankton blooms in cultures (Corzo et al., 2000) , mesocosms (Passow and Alldredge, 1995b; Engel et al., 2002; Prieto et al., 2002) and field studies Mari and Kiørboe, 1996) . The time lag between the Chl a maximum and the peak in TEP concentration is likely responsible for the ocurrence of the TEP maximum downstream of those of Chl a. Similar observations were reported by García et al. (García et al., 2002b) in Gulf of Cádiz. These differences between both sides of the slope front suggest a different origin for the water masses being transported on each side of the front or at least a different timing in the coupling between autotrophic biomass and TEP across the front.
In aquatic environments, the relationship between TEP and Chl a concentrations is necessarily complex because there are many processes involved. Unfortunately our understanding of all of them is uneven and scarce in some cases. The standing stocks of TEP might be affected by phytoplankton species composition Waite et al., 1995; Passow, 2002b) , growth rate (Waite et al., 1995) , nutrient availability (Obernosterer and Herndl, 1995; Corzo et al., 2000) and aggregation rate (Passow, 2002a) . Consumption by microheterotrophs of TEP precursors, bacterial degradation of TEP (Mari and Kiørboe, 1996; Passow, 2002a) and grazing by protozoans, copepods and euphasiids (Decho and Moriarty, 1990; Shimeta, 1993; Tranvik et al., 1993; Grossart et al., 1998; Passow and Alldredge, 1999 ) might affect TEP abundance as well. Changes in the intensity of some of these processes have been documented during the development and senescence of blooms in nature Mari and Kiørboe, 1996; Mari and Burd, 1998) and experimental mesocosmos (Alldredge and Jackson, 1995; Dam and Drapeau, 1995; Passow and Alldredge, 1995b; Prieto et al., 2002) . Below, we examine the relationship between TEP and autotrophic biomass through the TEP : Chl a ratio and the slope of the regression equation between both variables.
Mean TEP : Chl a ratio [51 mg GXeq (mg Chl a) -1 ] in Bransfield Strait is among the lower published values (Table II) . TEP and Chl a concentrations in the upper 100 m were significantly correlated in Bransfield Strait (Table III, Fig. 7) . In most studies, where the relationship between TEP and Chl a has been examined, the Chl a, Chlorophyll a; HB, heterotrophic bacteria; TEP, transparent exopolymer particles. Fig. 7 . Correlation between TEP concentration and chlorophyll a (Chl a) standing stocks in the Strait of Bransfield. The best fit for experimental data (line 1) was the equation log TEP = 1.63 + 0.317 log Chl a (r 2 = 0.168, n = 128, P < .001). For comparison the regression lines obtained in other field studies are plotted. Line 2, mixed diatom bloom in the Baltic Sea, (Engel, 1998 in Passow, 2002a ; line 3, diatom dominated community in the East Sound (Kiørboe, 1996 in Passow, 2002a ; line 4, Gerlache Strait, Antarctic (Rodríguez-Gálvez et al., unpublished); line 5, regression line obtained after the calculation of the mean values of constants a (176.25 AE 59.26, nonlog transformed) and b (0.647 AE 0.262) from Table III of Passow (Passow, 2002a) excluding Hong et al. (Hong et al., 1997) .
A. CORZO ETAL. j TEP IN THE BRANSFIELD STRAIT, ANTARCTICA best fit was obtained with a potential function of the form TEP = a(Chl a) b both in mesocosms and nature. The exponent b, the slope of the linear regression when TEP and Chl a are log-transformed, can be used for across system comparisons. The value obtained for the Bransfield Strait (b = 0.317) is the lowest among the available published value as far as we know (Passow, 2002a,b) . According to the available information [Table III in (Passow, 2002a) ], the value of b is variable, but it is generally >1. However, b was 3.63 in the Ross Sea during a P. antarctica bloom (Hong et al., 1997) . Because this very high value is outside the general trend found in other studies it has been excluded from the calculation of the mean values of constants a (176.25 AE 59.26) and b (0.647 AE 0.262), from Table III of Passow (Passow, 2002a) . Most of results used for this calculation stem from batch cultures or mesocosm studies, and therefore in situ measurement were underrepresented. With the available information it seems that b tends to be lower in situ as compared with cultures and mesocosms. The slope b in Bransfield, although the lowest, is close to that found in the East Sound and the Baltic Sea (Fig. 7) . Moreover, it seems that low b values are not necessarily a specific feature of Antarctic waters because we found a larger slope (0.670) in the Gerlache Strait (Rodríguez-Gálvez et al., unpublished). Since b is generally <1, either the specific production rate of TEP decreases as autotrophic biomass increases or TEP loss processes increase (Passow, 2002a) . No other clear pattern is evident in the relationship between TEP and Chl a in across system comparisons with the scarcely available information, probably because the relationship between TEP and autotrophic biomass is more dependent on the growth stage of blooms and on species composition than on differences in the general trophic status of aquatic environments.
TEP and inorganic nutrients
Limitation of autotrophic biomass by inorganic macronutrients is unlikely in Antarctic waters, but nutrient consumption by phytoplankton affected the spatial distribution of nitrate, phosphate, silicate and nitrite to different degrees (Castro et al., 2002) . TEP concentrations were inversely correlated with nitrate, which explained 28% of observed variability in TEP. The inverse relationship between TEP concentrations and nitrate is interesting because an increase in nitrate availability has been shown to decrease the production of TEP in cultures (Corzo et al., 2000) , and nutrient limitation in the final phase of blooms could be responsible of the high TEP concentration at this stage. The suggested mechanism is an increase in the photosynthetic release of organic carbon as a result of the imbalance between N and C assimilation in N-limited phytoplankton (Corzo et al., 2000) . Although the N : P ratio in Antarctic waters indicates higher relative availability of phosphate than inorganic nitrogen, it is unlikely that the existence of a strong N-limitation could explain the observed inverse relationship between TEP and nitrate. TEP and nitrate kept strong and inverse relationship with depth and chlorophyll. The analysis of residuals of these correlations showed that when the effects of depth and chlorophyll are removed the relationship between TEP and nitrate was significant (p< 0.01), but nitrate explained only about 8 % of observed variability in TEP.
The observation that the general silicate distribution was not similarly controlled by phytoplankton biomass suggests that diatoms were not a significant component of the autotrophic community in Bransfield Strait. Similar observations have been reported previously (Castro et al., 2002; Rodriguez et al., 2002; Varela et al., 2002) . However, there were exceptions to this general rule. The local low concentration of silicate observed in the northern part of the West transect is likely associated with the advection of TBW from the Bellingshausen Sea, where a strong silicate depletion in the mixed layer related with a higher importance of diatoms has been documented (Castro et al., 2002; Rodriguez et al., 2002; Varela et al., 2002) . A silicate minimum was also observed in station x6 in the Central transect associated with a maximum in Chl a in an anticyclonic eddy or frontal meander of warm and fresher water. Microscopic observation and the analysis of phytoplankton by flow cytometry confirmed that large nanoplankton, integrated mainly by diatoms, was abundant in both zones (Rodríguez-Gálvez et al., in preparation). Diatoms are considered major TEP producers in aquatic environments. High concentrations of TEP have frequently been observed during blooms dominated by diatoms Mari and Kiørboe, 1996; Mari and Burd, 1998; Passow et al., 2001) . TEP tended to be higher in areas where silicate was relatively low due to its consumption by diatoms. In both cases relatively high TEP levels were not matched by similarly high Chl a concentrations.
TEP and heterotrophic prokaryotes
The relationship between TEP and heterotrophic prokaryotes is complex because free-living bacteria are able to generate TEP (Stoderegger and Herndl, 1999; Grossart, 1999; Passow, 2002b) , but they can also use the dissolved organic compounds that serve as precursors for TEP and TEP themselves as sources of organic carbon (Kiørboe and Hansen, 1993; Mari and Kiørboe, 1996; Ogawa et al., 2001; Passow, 2002a) . The bacterial contribution to the observed TEP concentration in situ is unknown (Passow, 2002b) , although in principle it could be potentially important, considering the quantitative importance of bacterioplankton. However, since a significant positive correlation is usually found between TEP concentration and Chl a both in nonaxenic cultures and mesocosms (Corzo et al., 2000; Passow, 2002b; Prieto et al., 2002) and in situ (Passow and Alldredge, 1995a,b; Hong et al., 1997; Passow, 2002a) , it is likely that phytoplankton rather than bacteria control the production of TEP in nature. Our results seem to support this general trend. TEP concentrations were significantly correlated with Chl a in Bransfield, and although TEP showed a weak but significant positive correlation with bacteria abundances, it is likely that this is due to the stronger dependence of both variables, TEP and bacteria, on Chl a concentrations. In principle, if bacterial degradation of dissolved organic compounds, precursors for TEP formation, and/or of already formed TEP were quantitatively important processes, an inverse relationship should exist between bacteria abundance and TEP concentration in situ. A positive correlation between bacteria and TEP was also found by Passow et al. , which seems to exclude bacterial degradation of TEP as a dominating process in the surface.
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